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High Throughput UV Exposure

For one experiment:
32 ports

17 specimens/port

Typically, 6 different
measurements/experiment

Typically, 50 measurement
sets/experiment

> 160,000 data files per
experiment!

(x4 or more for replicates)




High Throughput UV Exposure
>

During an experiment:

Temperature™,
relative humidity™
flow controllers™, and
shutter status
are automatically
monitored and recorded
every 6 minutes
for each of 32 ports.

* 8 sensors per port
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e Based on Firebird, an open source database
management system
« Multi-user architecture
« Unlimited capacity for data files
e Data format currently jcamp, eventually xml
e Contains sample information, analytical
data and logs of environmental conditions
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7} Sphete Status - Microsoft Internet Explorer

File Edit View Faworites Tools  Help

P Back - = - @ ol | @Search [3] Favarites @Media @ | %v =] E -

ElrE

Address I@ http:fi129.6,104,136)5LF_DB/Sphere_Stakus/Sphere_Status.exejtable

YI - o

b
j Search Web |.IE|. %- | =] Mail - @My Yahoo! éGames - ﬁBaskﬁthall - Music - [ﬁ.ﬁ.nswers = 4 Personals ~ &Sign Inlvl

by Chris)

Under Construction

. Port . Port
Port Assigned To ‘ Status Configuration Port Assigned To Status Configuration
E0l | Debbie -‘ CaF MOl | Debbie - CaF
E0Z | Debbie -‘ CaF H02 | Debbie - CaF
BG | Chris Under . Mechanical M3 | Stephatie - CaF
Cotistruction
M04 | Debbie - CaF
HO5 | Joanmie - CaF
E0S | Atlas - Debbie - CaF
Hif | Dehhie - CaF
HO7 | Stephatie - CaF
. Under :
m Chtis e MMecharical w Dehhie - CaF
B2 | Detrhie - CaF M09 | Delshie - CaF
BB | Debbie BRI HIO | Debbie B o
El0 | Debbie - CaF Hil | Stephanie -‘ CaF
Mi12 | Debbie - CaF
Ell | Chtis ggg:tfmﬁm Mechanical —
H13 | Atlas - Debbie - CaF
12 [ T I _
2 | TR Ni4 | Toanne - CaF
[eutrently occupied , -
El3 by Chris) CaF Hi5 | Stephanie CaF
. Atofina
2o | ToemE Mid | (eurrently ocoupied CaF
. Under : by Chitis)
El5 | Chris Construction Ilechatical
Atofina
Elé | (outently occupied CaF

| Pori Configuration
|Cnnﬁgured fior CaF Sample Holders
|Cnnﬁgured for Mechatical Testing




; Port E 10 4/21 /2006 4:32:55 PM - Microsoft Internekt Explorer

Station status
Operator Debhbie Standesy
Title 10 bottom
Specithenn wheel ID sarmgle 1
Filter wheel [D Filter wheel [D) station 10 bottom
Cell ID El0
Controlling

Temperature is

FH is

(=]

Shutter shiovwrs closed

Shutter iz set to close

Daoor

closed

Shutter can

close

Temperature reading

EH reading

2 larm Status

Iflaster Eeset

Iflicro

Mormal EH/T cell

Port E10 4/21/2006 4:32:55 PM

Parameters for station 10

Target

Actual 1 |Actual 2

Tolerance

Cell RH

T5.0%

2.1%% 23%

3.0%%

Cell T

S50

26 30 267

1.5

Tank T

sroc

2T 4

At T

2750

PID Parameters for station 10

FID' 1

FID 2

FID 3

Cell

10

20

100

15

20

100

100

25

20

Dy &t Flowr

et Air Flowr

Diata saved at 47120068 12:00:.04 AT

Cation - this page does not automatically update, o have to re-read it

The data are updated about every 15 manates.




Log of Experimental Conditions

“% Exposure cell DB table is C:\Delphi code\BFRL automatiom\Humidity controller\Humidity_2005_7.dbf EHEWE

Choose exposure cell DB to look at Copy/Pack  About
| | [ 2 |N|E|@|N|I:| | |Q|‘=| DE exposure table is CDelphi code'BFRL automation'Humidity contrallerHumidity_2005_7 . dbf
CNTRLR_NUM|WHEN_BEGUN|WHEN_SAVED NUM_PTS [TITL_TOP A
L 1 38542 38558 12153 Title of experiment in top cell 1 N1 Amanda Forster
n 1 38542 38565 25656 Title of experiment in top cell 1 M1 Amanda Forster
a 4 38542 38558 11464 Title of experiment in top cell 4 N4 Debbie Stanley
b
£ >
DatefTime of information 7/3/2005 ta 7/29/2005 [™ Show Time & Date in "All Plats"
iFararAg e (5 51 Time interval | 0.0 min
Top cell | Bottom cell | DS Chip Info | Notes | All Top Plots All Battom Plots |
| ) | G—b | B‘%] | I | = | E | fa | Curves |+Cuntes| Marme | Replaot | Clear | Output|
Plot of curves
100 -
80—
2
=
E B0
@
=
E
@
'—
< 40—
T
=4
20
D —
1 | 1 | |
400 500 600 700 800
Hours 4567.3, 88 27
37
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e Secure access and password protected
« Experimental matrix design program

« Calculation of damage/dosage data for exposed specimens
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e Secure access and password protected
o Experimental matrix design program

« Calculation of damage/dosage data for exposed specimens
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o0
Experimental Matrix Design Program 55
Start Page oo

#: BFRL SLP Exposure Program v1.14.0.1
Measurement Details ] E=ptal Eondtions] Hepoltl Tables 1 ] Tablez 2| Tables 3]

Project Name  |test with T/RH program » [
Material D Epoxy Y

Supplier
Techniques Persornel
Spacingof T = Praject lzader
measurements in days x |Joannie Chin j
Geometric measurement time . Cowarkers
sy \TIETYEEE b0 2kip
iR transmission spectra manda Forster =l
v U trangmission spectra | j
v Lamp intensity spectra | ﬂ
[w Filter tranzmission spectra | j

IR ATR spectra E =periment Dperator

|Debbie Stanley

IR diffuse spectra

L]

Gloss
TB&
TB&
TB&

N E E (m e (e




E ' tal Matrix Design P eocs
#: BFRL SLP Exposure Program v1.14.0.1
Measurement Details  Exptal Condtions ] Heport] Tablez 1 ] Tablez 2] Tables 3]
Light = = = = T/RH Program 1

Days at T/RH condition(s] in table or progam (0 = do not uze this condition)
RH/T 0% ‘252 ‘502 ‘?52 ‘ Haurs ‘Deg C %RH ‘Light? ‘ »

Re-nitialize T ables, ete. ‘
30c 100.0 nn nn 100.0 5.00 K0 70.0 L ™ inT/RH
40C 0. 0. 0. 0. 10.00 45.0 50.0 ¥ Change times 200 daps [ indark
50C nn 0.a oo nn 15.00 550 300 n Fut In &l P [ outside
BOC 100.0 oo oo 100.0 20.00 450 50.0 L

Efficisncy of 0E7
MHurnber of replicates [0 = do not uze thiz condition] for each filter condition 25.00 /.0 .0 ¥ use of sphere

E4 E4 E4 E .
NDAWL |10 |4n |sn ‘mu ‘ # specimens [
0 0 0 0 4 in specimen j'
o wheel
306 i a a a 4 . :
Clear Praograrn T able ‘ [ Use Filter b atrix
326 nm a a a 4
# Replicates |4 = Total #Days (100 3
383 nm a a a 4 F ¥
452 nm 0 0 0 4 [v Azzign to specimen and filker wheels [ Usze any free spaces in curment wheels
Ereenen e i e T corlise [w .Allow far neutral denzity filters by making all exposures roughly equal dosage [ Assign parameters to Project DE T able
RH/T 0% |252 |5lJZ ‘?52 ‘ [v i&add Mo LW and Unfiltered Specimens to Each Wheet
Roof/Outside
30E 4 g8 = 2 Mumber of replicates [0 = do nat use thiz condition] for each filker condition Outzide Sites
400 14 10 15 11 when Eaast |South |West |North | Eldg_swater. tD
orida
a0C 16 12 13 9 Jan-tar 1] 150 1] i w| MIST roaf
v| Phoenix, 42
BOC 3 v ] 1 Apr-Jun 1] 150 1] a
Diays in dark at T/RH conditions i table [0=da not uze thiz condition] Julp-Sep 0 150 0 0
RH/T 0% |25z |50°/o ‘?52 ‘ OctDes |0 150 0 0
30C oo oo oo oo
A0C 0.0 0.0 0.0 0.0 # Outside Feplicates |4 [ Use fikers
50C 0.a 0.a 0.a 0.a
BIC 00 00 00 3000.0 #Dark Repicates ¢ $|  Assign Specimens
Progress




Experimental Matrix Design Program
Assign exposure location

sI" BFRL SLP Port Assigpnment Program v

|‘| L | | 4 |>||@|Eﬁ|m|m| | |O\|%| Cell to position table [~ Filter Recards Available ports || j

CELL MUM [PasiTion |SPEC_WHEEL  |FILTERY TEMPERAT [HUMIDITY |T_TOL RH_TOL  [sITE EEE]ES} “E PROGRM|RH A
| [wsc-oom T NS5 0001 MSF-0001 30 i z 3NSS1 |NSSTED3 Me
| |nscomz NSS1-ND2 NS5-0002 NsF0002 30 0 2 3Nss1 |MealEld Me

NSC-0003 NS51-NO3 NSS5-0003 NSF-0003 a0 ] 2 3 NSST Me
| [nscoong NS5T-NO4 N5S-0004 NSF-0004 30 0 2 3|N551 Egg]ﬁ%‘; e Me
| |wsc-o005 NS51-NO5 NSS-0005 NSF-0005 | ] 2 3 NSS1 T S5 B 1T Me
»|nsC-o00s NS5 -0005 |NSF-0006 ] ] 2 3 NSST 100, 33853.6007 |N Me

NSC-0007 NS5 -0007 NSF-0007 G0 ] 2 3 NSST 100/ 388536007 | M Me
| [wscooos NS5 0008 NSF-0005% ] i z 3 NS5 100/ 365536007 | M Me
| |wsc-ooos NSS5-0009 NSF-0009 ] ] p) 3 NS5 100/ 388536007 | M Me

NSC-0010 NSS-0010 NSF-0010 ] ] 2 3 NSST 100/ 388536008 | M Me
| [nscoot NS5-0011 |MSF-0011 30 75 2 3 NSS1 100 38853.6008 M Me
| |wsco012 NSS5-001 2 NSFO012 30 75 z 3 NS5 100/ 36553, 6008 | M iMe
| |wscooi3 NSS5-0013 NSF0013 a0 75 2 3 NSS1 100/ 388536008 M Me

NSC-0014 NSS-0014 NSF-0014 a 75 ) 3NS5 100/ 388536002 | M Me
| [wscoms NSS5-0015 |NSF-0015 30 75 2 3NS5 100/ 33853.6002 N Me
| |nsCoois NSS-0015 NSFO016 ] 75 p) 3 NSS1 100/ 388536008 | M Me o
< 3

‘ | 4 |"|@|@|Q]m| . | |O\i€§| Specimen and filter whesl to cell table | | > |N|@|@|N|m| ; | |O\|€§| Fiter to filter vhesl table
SPEC_NUM [FILT_NUM [CELL_NUM WHEN ~ TIME |FILT_wHEEL  |HOLE MO [FILTER_NO DEMSITY |IN_USE|PROJECT

p|MS5-0001 MSF-0001 MSC-0007 22031.9709 L 38853.6007 MWSF-0001 1/ none 1000y Test Praject

" |NSs-0002 WSF-0002 WSC-0002 a8871.9709 || 38B53.6007 NSF-0001 2 none 100y Test Project

_NSS-DDDS MSF-0003 MSC-0003 38831.9709 38853.6007 WSF-00M 3 none 0y Test Project

" |Mss-0004 MSE-0004 MNSC-0004 39931.9709 : 38853.6007 MSF-0001 4 none 100y Test Project

| |wss-0005 WS F-0005 NS L0005 38531.9709 | 0/ NSF-0001 5 0N nane

| |N55-0008 NSF-0005 NSC-0005 38831.9709 il 0| MSF-0001 B oM nare




Experimental Matrix Design Program
T/RH Controllers and Robot read DB record

Ini Files  Method File  About

LB name goes here

Title | Control | History | T

Control details

Get target values

Fal BFRL Humidity Controller,

Selectacontralier: 1] 2| 3] 45| 6] 7]8]9]0] 2|13 14 15 16] 7] 18] 19| 20 21| 22|

Project Test Project Epoxy Joannie Chin

version 1.103.0.1

Cell ] Program | Graph | Deltas | Guess PIDs | Error Msgs | DB Tables | Tables 2 |

Total exposure time 100 days Programmed 5/15/2006 6:51:24 PM

| 25| 26 27| 28] 29| 30 31| 32|

Specimen Wheel NS5-0005 Filter Wheel NSF-0005 Cell ID NSC0005 Operator Debbie Stanley
Target Actual Fluctuation Slope Baseline
%RH1 0.0 |0.0 |00 10.0301 |0.811
%RH 2 0.0 |0.0 0.0309 |0.823|
Tolerance on RH l?ul]i Cell PID parameters
Cell temperature 1 | 30.0 | 0.0 | 0.0 Proportional ’17
Cell temperature 2 | 0.0 | 0.0 Integral ,107
Water tank temperature | 30.0 | 0.0 | 0.0 Differential | 100
Chamber air temperature | 0.0 | 0.0
eI Ei0 B (e lﬂ]i Chamber air PID parameters RH PID parameters

Proportional |1 Proportional |1

Integral 10 Integral

i}

Differential 50 Differential
Green = used in control

+ Show any new data

Send to controller

Targets

M Show target parameters Targets not updated

Red = contrel parameter
Blue = used to monitor
Diata not updated
Time now 5/16/2006 1:36:36 PM
Slopes & baselines PID parameters Parameters to Cliphd

15
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Robot Controller Program

e Secure access and password protected
P Experimental matrix design program

« Calculation of damage/dosage data for exposed specimens

T/RH Controller

T
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e Secure access and password protected
« Experimental matrix design program

 Calculation of damage/dosage data for exposed specimens

T
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Damage-Dosage Calculation Program

™ Assess specimen damage from database files, version 3.98.0.1 E|E|g|
SpecimeniCell DB Takles ] Specimen Dosage ] Control IR Spectra LV-IR Spectra ] Dosage vs Damage I IR Spectra for Plates I Sliced Irradisnce
Specimen Status ] 1% Tables after Guery ] Run Comments Active DataBazes l Specimen Graphs ] Lamp and Fitter Graphs ] Ciff Uy & IR Correlations
Configuration file is C\Documents and Settingsidstaniey'Deskiop'Programz'Brians ProgramsMew DATABASE files'Composite SLP data test.ini I file: Penu.... w

—Active Databases - The Order of the Dbs followss the Light Path from Lamp to Specimen-
Lamp DBz

Change Position To Lamp Humber DB table is VBfrl-h325-scan'scanner _drive_f'SLP_Data'Sphere Data Continued 2005-06-14New Position To Lamp.dbf
Change Fiber Calibration DB table is UBfrl-b325-scan'scanner _drive_fSLP_Data'Sphere Data Continued 2005-06-14'Fiber_Power Scaleded from 2 to 1 7 T 2005.DBF
Change Position to Fiber DB table is UBfrl-b325-scan'scanner_drive_FSLP_Data'Sphere Data Continued 2005-06-14Fiber_Power Scaleded from 2 to 1 7 7 2005.0BF

-Cell Cortents (Fiter, T and RH)
Change Cell Position/Contents DB table is VBfrl-b325-scan'scanner_drive_fSLP_Data'Sphere Data Continued 2005-06-14New Cell Positions.dbf

Change Cell T and RH record

Change Filter Spectra DB table is C:iDocuments and Settings'dstanley'Desktop Programs'Brians Programs'Hew DATABASE files'FILTER SPECTRA.dLf
Change Filter IDs DB table is "Bfrl-b325-scan'scanner_drive_fiSLP_Data'Sphere Data Continued 2005-06-14'Filter ID-HD.dbf

-Zpecimen DBs
Change Specimen IDs DB table is "Bfrl-b325-scan'scanner _drive_fISLP_Data'Sphere Data Comtinued 2005-06-14'Specimen ID new fields all specimens indoor.dbf
Change Specimens In Cells DB table is 'Bfrl-b325-scan'scanner_drive_fiSLP_Data'Sphere Data Continued 2005-06-14'SPECIMEHINCELLS. dbf
Change Specimen Spectra DB table is C:'Documents and Settingsudstanley' DesktopPrograms'Brians Programs'Hew DATABASE files'UV-VIS SAMPLE SPECTRA.dbf
Change Specimen IR Spectra DB table is ClDocuments and Settings'dstanley De sktop'Programs 'Brians Programs'lew DATABASE files'IR SPECTRA.dbf

Change Specimen IR Substrate Spectra DB
Change Specimen UV-vis Substrate Spectra DB

Damage DB
Change Damage DB for Spectra of Specimens In Cells




Damage-Dosage Calculation Program

*i Resess specimen, damage from database files, version 3.98.0.1

SpecimeniCell DB Tables ] Specimen Dosage ] Contral IR Spectra ] LR Spectra ]
Specimen Status ] U Tables after Guery ] Run Comments ] Active DataBases ]
Specimen Details

Dosage va Damage l IR Spectra for Plates l Sliced rradiance

Specimen Graphs ] Lamg and Fiter Graphs ] Diff LY & IR Correlations

i [ Eicr G i g MNow doing slice 17 for specimen M55-0016-02 Shioene Ablstion Details
AR s g | | | ‘ ‘ j SRR N | from 03/02/2006 ot 07:44:58 PM J|
Specimen Mumber  HSS-0016-02 to 030242008 at 08:15:04 P 2 liboatd
Specimen 1D BFRL epoxy on 1% mm dia 4 mm thin CaF2 Clear All Plots |
Specimen source  BFRL

Titne limits for calculations Avtomatic processing

Calculate exposure from IE 172005 [ &dd To Damage DB if Auto Mode [T Pausze if Luto Mode
Calculste exposure to 5M B200E Process automatically for next 1 = specimens, 0= do all

Stop Processing

[ Print Out Plats v Don't clesr plots

[ Subtract substrate LY spectra

[ Subtract zubstrate IR spectra ¥ Showe error messages {=
[¥ Uw-viz of thick specimen 0 scaled down by thickness [ Use only good specimens [ Pause if Moisy
[~ Get irradiance Pauze time (z) | 0.0 ~Subsets
WL[35300 v | MeutralDen 10000 ~| Tf350  ~| RH |50 +|
Searching Dbs...
Specimen Current Conditions -
Cell = NSC-0016-02  an 10/272005 Cell Temperature = 35.0C Cell Humidity = 50.0%RH Thickness =54
Filter = WSF-0016-02 Cell Fiter WL = 355.00 Cell Fiter Half Width = 19.00
Number of cells for this specimen = 1 Cell position = NS1-E08 Control Specimen # =NSS-0016-01 RN S pecineiE Silia =t

Fitter WD = 100.00% Fitter ID Specs = 354nm, 24nim Bandpass + Mo MNeutral Density Fiter

(Limits Defining Mon-Zera Data
Iinimum "Significant" LY

tdinimum IR Mare than this fraction of sign
Abzorbance in Fiter Range 0.025 Absorbance 0.025 1.000

reversals (+/-] will mean a curve
[ Do Time Trends by Right-Clicking on Plots Faoe izliEhnise

Operate on Damage Plots et Control

Estimate specimen thicknessfablation in IR at | 2560 00 Lock for ablation site Set control to ]

have filter max of

[~ Scale Ablation to Std Specimen Thickness [ Scale Data by o o [~ Add Control Profiles to Damage Database Tahle
Standard Thickness of 6 TO0 v . - : " ki Zero Spectra ot these Sites
Specimen in IR Units il i T .
e : A . = [ UszelLamp Zero W Use UV-vizs Zero v Get Uv-vis Zero from thick specimen
[ Awerage all correlated damage stes Zeralamp [onh g Ceneuiey 200.0
e g spectra st LY -vis spectra at

Do aﬁtomaﬁc processing'for the number ﬁf specimens shown in tHe spin button tEI=d0 all from the current specimen tolthe end of .tﬁe Délj




Damage-Dosage Calculation Program

*i Resess specimen damage from database files, wersion 3.98.0.1

SpecimeniCell DB Tables ] Specimen Dosage ] Control IR Spectra ] L-IR Spectra Dozage vs Damage l I Spectra for Plates ] Sliced Irradiance

lea [P ] ¢ |E [E |t |am

IR changes for specimen NS5-0016-02 T = 35.0 RH = 50.0 Fitter = 353.00 site = 2925.00

+Cur\-’es| Mame ‘ Replat ‘ Cleat ‘ Output ‘

Win
§ [ Right Click Removes Bad Spectra
=t 0
W
s
2 .05
=
)
0 20 40 &0 a0 100
Lamp-on Days
Fix Ratios ‘
| @, ‘ G—) ‘ E'%j ‘ i ‘ = ‘ = J FA | curves +Cur\-’es| Mame ‘ Replot ‘ Clear ‘ Outpt ]
Damage vs Total Dosage for Specimen NSS-0016-02 T = 35.0 RH = S50.0 Fiter = 353.00 site = 2925.00 H .
. 2 DamageLosage Fit

Bis
Fit damage dosage 0.010

between these
fractional limitz in plot 1.000

@ 0
= [ Smooth UW-vis Curves
% [ Compare fitered with overall
= 05+ [~ Micromals of Photons
[ Show Polynomialz in Plat
0 265 BES 1E8

4E5 BES
Total Absorbed Dosage, KJ/im*2
—Fit Curve to Damage/Dosage Plot, Estimate Initial Guantum Yield:

Calculate Fit, Get Quantum Yield From Curve | Curve to use in Damage vs Dosage Plot 11 :] Damage v= Dosage Data written toText File

Estimate quantum yield st this

5 : 0100 I Usze Guantum vield to Scale Fiters to Full LY
fraction of damage in plot ;

Guantum Yield not estimated - no data found in plot
[~ Partition Dozage into Matri: and Degradation Products

Specimen Status ] LY Tables after Query ] Run Comments ] Active DataBases ] Specimen Graphs ] Lamg and Fitter Graphs ] Diff UV & IR Correlations

‘,e‘-\l'lte ‘fr@
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Gantt Chart
Y1 Y2 Y3 Y4

Link laboratory sensors to database (completed)

Convert data and image processing programs already
being utilized in SLP research (completed)

Complete framework for database and

populate with data files
>

Link outdoor sensors to main database>

Establish automatic communication from instruments in
high throughput analytical laboratory >

Development of data “wizard” to detect and correct erroneous data




Impacts

e Key component of service life prediction program,
enhances the unigue capabilities of the NIST
SPHERE and associated devices.

e Abllity to collect, store, and analyze large amounts of
data in different formats from different instruments in
an automated fashion, with greatly improved:

specimen characterization speed
data traceability and quality, reduction of user error
data retrieval and processing speed

e Informatics systems framework will serve as a model

e J;

for any research programs that routinely generate =«
large amounts of data. @

Fedictio™
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